macrophages while the steroid has no effects on resting macrophages. Therefore, the 1α,25(OH) 2 D 3 mediated suppression of macrophage functions is distinct from previously described macrophage deactivation mechanisms. In conclusion, our data indicate that the production of 1α,25(OH) 2 D 3 by IFN-γ-stimulated macrophages might be an important negative feedback mechanism to control innate and inflammatory responses of activated macrophages.
Introduction
The steroid hormone 1α, 25- 4 and to decrease the production of the T helper type 1 (Th1) cytokines interleukin-2, IFN-γ, and tumor necrosis factor α, leading to the inhibition of Th1 cell development 5 . Besides its direct effects on T cells, 1α,25(OH) 2 D 3 and its analogs are potent inhibitors of dendritic cell (DC) differentiation and maturation and can impair the capacity of DCs to induce alloreactive T cell activation 6, 7 . In line with this, Vdr-deficient mice have been shown to have an increased frequency of mature DCs in lymph nodes 8 . Additional support for the immunomodulatory role of 1α,25(OH) 2 D 3 in vivo came from studies of autoimmune diseases in several different animal models. It has been demonstrated that 1α,25(OH) 2 D 3 can prevent or suppress experimental autoimmune encephalomyelitis 9 , rheumatoid arthritis 10 , systemic lupus erythematosus 11 , type I diabetes 12 , and inflammatory bowel disease 13, 14 , further supporting its potent suppressive effects on the immune system.
In contrast to its well-characterized effects on adaptive immune responses, much less is known about the effects of 1α,25(OH) 2 
Materials and Methods

Reagents
Recombinant murine IFN-γ was purchased from Pepro Tech (London, UK whereas the controls included the respective amount of ethanol.
Mice and Bacteria
C57BL/6 mice were purchased from Harlan (Borchen, Germany) and bred in the animal facilities of the GBF. Vdr tm1 Rge knockout mice 23 were obtained from Reinhold Erben (Vienna, Austria) and maintained on a C57BL/6 background. Listeria monocytogenes (L.m.) and the listeriolysin (hly)-deficient L. m. mutant 24 were grown in brain heart infusion broth (BHI, Difco, Becton and Dickinson, MD, USA).
Macrophage isolation
Bone marrow derived macrophages (BMDMs) were differentiated from bone marrow cells of 8-14 weeks old mice. Briefly, femora and tibia of the hind legs were flushed with cold DMEM (Invitrogen) containing 10 % heat-inactivated fetal calf serum (Biowest, Nuaillé, France), 200 mM L-glutamine, and 10.000 U / ml penicillin/streptomycin (P/S, Invitrogen).
This complete medium was supplemented with M-CSF (50 ng/ml) and bone marrow cells were cultured for 7 days. Thioglycolate-elicited macrophages were obtained 4 days after the intraperitoneal injection of sterile 3 % thioglycolate medium. Cells were harvested by peritoneal lavage with cold PBS, 1% FCS and were cultured in RPMI 1640 (Invitrogen) including 10 % heat-inactivated fetal calf serum, L-glutamine, and P/S.
Determination of listericidal activity
Macrophages were plated at 8 Table link at the top of the online article).
Immunoblotting and immunohistochemistry
For Western Blot analysis, macrophages were plated at 1.5 x 10 6 /well in 6-well plates and lysed with 50 mM Tris/HCl pH7.5, 150 mM NaCl, 1 mM EDTA, 1 % Triton X-100, 0.5 % NP-40, 1 mM Na 3 VO 4 , 1 mM NaF and protease inhibitor cocktail (CompleteMini; Roche, Mannheim, Germany). Lysates were cleared by centrifugation at 13,000 rpm for 5 min at 4°C.
Equal amounts of total protein were separated by SDS-PAGE and transferred onto PVDF 29 . Usually, ∆Hly mutants are rapidly killed by macrophages due to their inability to escape from the phagosome. We found that 1α,25(OH) 2 D 3 -treatment of IFN-γ-activated macrophages markedly suppressed the killing of the attenuated ∆Hly mutant ( Figure   1D ), thus demonstrating that the 1α,25(OH) 2 D 3 -mediated inhibition of the listericidal activity is acting on the phagosome.
We also examined if the 1α,25(OH) 2 D 3 -mediated suppression of the IFN-γ-induced microbicidal activity was specific for macrophages differentiated from the bone marrow.
Using peritoneal, thioglycolate-elicited macrophages we found that 1α,25(OH) 2 Using mature macrophages we show that IFN-γ-activation together with the simultaneous presence of 1α,25(OH) 2 However, at these low doses the steroid has no effect on macrophages because the Vdr is 
